Background: Premature adrenarche (PA) is recognized to be a possible precursor of polycystic ovarian syndrome, type 2 diabetes mellitus and cardiovascular disease. Visceral adiposity and increased intramyocellular lipid (IMCL) are associated with insulin resistance and increased risk of cardiovascular disease. Aim: To determine whether prepubertal girls with PA have altered visceral adiposity and/or increased muscle lipid content compared to prepubertal girls without PA using proton magnetic resonance imaging (MRI) and spectroscopy (Ή MRS). Patients and Methods: We performed total body dual energy X-ray absorptiometry (DXA) scans, MRI of the trunk, and MRS of the tibialis anterior muscle in the right calf on six girls with PA and eight prepubertal controls. Results: Amount of visceral adipose tissue (VAT), abdominal subcutaneous adipose tissue (SAT), and VAT to SAT ratio did not differ significantly between the PA and control girls. Those with PA, however, had significantly greater IMCL than controls (p = 0.004). Conclusions: This study adds further evidence that PA is not a benign condition, and future studies investigating early intervention with
INTRODUCTION
Whereas adrenarche or 'puberty of the adrenal gland' is a normal maturational event, premature adrenarche (PA), defined by the appearance of sexual hair without other signs of puberty before age 8 years in girls and before age 9 years in boys, is secondary to early isolated maturation of the adrenal gland 1 . Until recently PA was considered a normal variant of puberty, but reports that hyperandrogenism is not benign in women, that metabolic alterations are present in prepubertal PA, that a history of PA is frequent in adolescents with polycystic ovarian syndrome (PCOS), and that postpubertal anovulation and hyperinsulinemic hyperandrogenism are more frequent in prepubertal girls with PA, have led to the recognition that PA may be premonitory of PCOS and cardiovascular disease 2 " . Metabolic abnormalities reported in prepubertal PA include decreased insulin sensitivity and IGFBP-1, hyperinsulinism, and increased free IGF-I and plasminogen activator inhibitor-1 (PAI-1^2,3,5,7,8 J Q jjj^ on jy PAH concentrations have been shown to predict progression to PCOS in a small subgroup of prepubertal girls with PA 8 . VOLUME 22, NO. 4, 2009 PCOS affects 5-10% of reproductive age women and is associated with metabolic syndrome, dyslipidemia, and type 2 diabetes mellitus 4 . Characterization of the prepubertal phenotype of children with PA could rationalize prospective risk assessment for PCOS, the metabolic syndrome, and associated morbidities.
The purpose of this pilot study was to determine whether prepubertal children with PA have altered adipose tissue partitioning to abdominal depots and/or increased muscle lipid content compared to prepubertal children without PA using proton magnetic resonance imaging (MRI) and spectroscopy (Ή MRS). These body composition features which are associated with glucose intolerance and insulin resistance have not been previously investigated in PA.
PATIENTS AND METHODS

Study participants
The study group consisted of six girls with PA and eight girls without evidence of PA, who served as controls. The girls were recruited from the pediatric endocrinology service at Children's Hospital of New York at Columbia-Presbyterian Medical Center or from St. Luke's-Roosevelt Hospital Center. Informed consent was obtained from a parent or guardian and all girls above the age of 7 years signed assent. The protocol was approved by the Institutional Review Boards of Columbia-Presbyterian Medical Center and St. Luke's-Roosevelt Hospital Center. All participants were evaluated by a pediatric endocrinologist. The diagnosis of PA was made based on the following clinical and laboratory criteria: i) pubarche prior to age 8 years; ii) androgen levels consistent with PA, i.e. Tanner II or less for testosterone, Δ 4 -androstenedione and DHEAS; iii) no evidence of pathological source of increased androgen or defect in adrenal steroidogenesis; iv) breasts Tanner Stage 1. The prepubertal controls had breasts and pubic hair Tanner Stage 1, and age, height, weight, and ethnic background matched as closely as possible to the patients with PA (Tables 1 and 2 ). Girls were excluded who were born before 37 weeks or were small for gestational age, had the presence or history of medical disorder or medication known to affect body composition, insulin secretion and sensitivity, or the GH-IGF-I axis (i.e. use of steroid or thyroid hormones), the presence of indwelling hardware (inability to undergo imaging studies), a first degree relative with type 1 or type 2 diabetes mellitus, or a maternal history of gestational diabetes.
Body composition assessment
Body composition studies were performed in the Body Composition Unit of St. Luke's-Roosevelt Medical Center. All studies were begun at 07.30 h, after overnight fasting.
MRI
MRI was used to measure visceral adipose tissue (VAT) and abdominal subcutaneous adipose tissue (SAT). Participants were placed supine on a 1.5 T scanner table (GE, Horizon 6x, Milwaukee, \VI), with arms at their sides. Using a body coil and a T l-weighted fast spin echo sequence (TR/TE 300/14 ms, 256x256 data matrix), contiguous 10-mm axial whole-body MRI slices were obtained from T5 to the level of the ischial tuberosity. VAT depots compartmentalized included retro-peritoneal, mesenteric, and omental. All scans were analyzed in the Image Reading Center at St. Luke's by the same observer, using SliceOMatic, V 4.0 image analysis software (Tomovision, Montreal, Canada) on PC computers (Gateway, PHI 500 MHz).
MRS
S ingle-voxel MRS was used to assess intramyocellular lipid (IMCL) in the tibialis anterior (TA) muscle in the right calf of each participant using the same 1.5 T GE MRI scanner, with a quadrature lower extremity volume coil 9 . Threeplane scout images were acquired to enable a 10x10x10 mm 3 voxel to be prescribed within the TA muscle and positioned to avoid vascular structures and gross adipose tissue depots (Fig. 1A,  inset) . Spatially localized Ή spectra for this voxel were recorded using the standard single-voxel PRESS sequence with TE/TR 35/2000 ms, 2048 
TABLE 3
Body composition results for girls with premature adrenarche (PA) and controls time-domain data points, a spectral width of 1000 Hz, and 128 excitations, and then processed as recently described 9 . IMCL and extramyocellular lipid (EMCL) levels were derived from the peak areas of intra-and extramyocellular Clh resonances, respectively, and expressed as ratios relative to the unsuppressed water peak area (W) in the same voxel 10 '".
DXA
Each participant had a whole body dual energy X-ray absorptiometry (DXA) scan (GE Lunar Prodigy) for total body fat (kg) and lean body mass (kg) assessment. Pediatric software version 3.8G (Lunar Corp., Madison, WI) was used to estimate non-bone fat-free mass and fat mass in kilograms, percent body fat, total body bone mineral content (BMC) in grams, and total body bone mineral density (BMD) in grams per cm 2 , as described previously 6 .
Statistical analysis
Group data are presented as means ± SD. Differences in variables between the PA and control groups were tested for significance using Student's t-test. Group differences of VAT and SAT were also tested by controlling for age, total abdominal fat by MRI and total body fat by DXA. Group difference in IMCL was also tested controlling for body mass index (BMI) z-score and total body fat by DXA.
RESULTS
Demographic and clinical characteristics
The demographic characteristics for the girls with PA and normal controls with viable MRI and MRS are provided in Tables 1 and 2 , respectively. The girls with PA and controls did not differ with respect to race distribution or body weight, BMI zscore or total body fat as assessed by DXA (Table  1) ; however, the girls with PA were slightly older than the controls (p O.02). Age was therefore entered as a covariate in comparing the MRIderived body composition. By contrast, the subset of the girls with PA and controls who also underwent an MRS scan did not differ with respect to any of the clinical or demographic characteristics, including age (Table 2) .
Body composition
MRI
Amount of VAT and SAT, as well as the VAT to SAT ratio derived by MRI, did not differ significantly between the girls with PA and controls (Table 3) , even after controlling for the slight age difference between the groups. Figure 1 shows Ή spectra from a voxel in the TA muscle (Fig. 1, inset ) of a girl with PA ( Fig.  1A) and of a control participant (Fig. IB) . Clearly resolved in both spectra are the resonances for IMCL at 1.28 ppm, EMCL at 1.50 ppm and total creatine (tCr) at 3.03 ppm. Also depicted in Figure  1 are the results of model-fitting the experimental spectra by minimizing the residual of the difference (Fig. Ic) between the measured (Fig. la) and calculated (Fig. Ib) spectra to obtain the area under each peak. Relative to the tCr peak, which is comparable between the two girls, the IMCL resonance is clearly elevated in the girl with PA compared to the control girl. In the aggregate, the mean IMCL level was significantly higher in the girls with PA than in the controls (p = 0.004) ( Table 3) . By contrast, levels of EMCL varied unpredictably from individual to individual, reflecting the relative amount of adipose tissue that each voxel contained, which varied randomly.
MRS
DISCUSSION
This study revealed that PA is associated with significantly elevated IMCL levels compared with prepubertal controls. Elevated skeletal muscle IMCL levels have been associated with insulin resistance, and have been observed in young and adult insulin-resistant individuals . In earlier studies of girls with PA, elevated concentrations of plasma triglycerides were found compared with controls 14 · 1 '." The development of skeletal muscle insulin resistance, which may predate the onset of diabetes mellitus by decades 16 , has been postulated as one of the initial defects in the progression to type 2 diabetes mellitus. As plasma fatty acid levels rise, as is common in those at risk for diabetes mellitus, insulin stimulated phosphorylation of insulin receptor substrate (IRS)-l is reduced, decreasing phosphatidylinositol-3 (PI-3) kinase activity and therefore glucose transporter 4 (GLUT4) translocation to the surface of skeletal muscle cells ' ' 17 . Mitochondrial ATP production is also decreased in young lean insulin resistant offspring of parents with type 2 diabetes mellitus, which may also predispose to IMCL accumulation 12 . Indices of insulin sensitivity calculated from oral glucose tolerance tests correlate with IMCL in 10 children and adolescents . Two additional studies demonstrated that children and adolescents with insulin resistance or impaired glucose tolerance had increased IMCL compared to adolescents without evidence of insulin resistance 1 "' 13 . IMCL has been measured previously in healthy 6-9 year-old boys, and found to be inversely related to the fasting glucose to insulin ratio (available in 12 of 41 boys) 19 . Although we found IMCL to be increased in PA, this finding is independent of the other measures of body fat (e.g., VAT, SAT, BMI) derived by MRI or DXA. which did not differ significantly between girls with PA and matching controls. The lack of a difference in VAT and SAT between the two groups was unanticipated as our previous (unpublished) observation of an increased trunk to total body fat ratio by DXA in girls with PA would have suggested that they would also have higher abdominal fat.
Study limitations
The relatively small sample size of this study and the heterogeneous ethnic population distribution are potential limitations that may have reduced our ability to detect subtle differences in phenotypes between girls with PA and controls.
CONCLUSION
We report for the first time the presence of increased IMCL in young normal weight girls with PA. Increased IMCL has been closely associated with increased risk for type 2 diabetes mellitus. This study thus adds further e\'idence that PA is not a benign condition, and future studies need to investigate the effects of appropriate diet and exercise counseling in diminishing this potential risk for diabetes mellitus, PCOS and/or metabolic syndrome.
